Conjugation of daunorubicin to monoclonal antihuman sarcoma antibody by a novel method. Can J Infect Dis 1992;3(Suppl B): 101B-105B. Most of the reported methods for coupling anthracycline drugs to antibody result in either a loss of pharmacological activity or yield antibodies which have lost much of their immunological specificity. The use of glutaraldehyde for coupling saves both the pharmacological and immunological activities but it causes some polymerization of the antibody or of the macromolecular carrier which is undesirable for in vivo use. A new coupling procedure is reported which uses an activated derivative of daunorubicin added to monoclonal antihuman sarcoma antibody. This coupling procedure has not resulted in significant polymerization of the antibody or Joss of ph armacological activity determined by testing normal and tumour cell L ines in vitro.
T HE USE OF CYTOTOXIC DRUGS FOR THE TREATMENT OF
cancer can be accompanied by side effects due in part to the nonspecificity of these agents. Such drugs can cause various toxicities including nausea, vomiting, immunosuppression, alopecia and cardiotoxicity. In order to reduce secondary effects and increase tumour cell kill without exceeding dose limiting toxicity, the drugs were coupled to carriers such as antibodies which recognize tumour cells. Desirable carrier antibodies are those which react with cancerassociated antigens expressed on the surface oftumour cells and not found in significant quantity exposed on the surface of normal cells in vital organs (1, 2) .
During the past 20 years, many groups have used this new approach for coupling agents such as chlorambucil (3, 4) , methotrexate (5, 6) . mitomycin C (7, 8) , toxins (9, 10) and anthracyclinediones (11, 12) . Anthracyclinediones such as doxorubicin and daunorubicin ( Figure 1 ) are widely used and have been coupled to various carriers in order to reduce systemic cytotoxicity and cardiotoxicity. Most of the reported conjugation procedures cause some loss of immunological activity.
Hurwitz et al (11, 13) reported the coupling of doxorubicin to a carrier by periodate oxidation. The drug was also indirectly coupled to the antibody by means of a dextran bridge ( 11 , 14) . This intermediary bridge was used to increase the drug:antibody ratio.
A few authors have reported that periodate oxidation could also affect the daunosamine (15, 16) and the cetonic function at C-14 which are essential for the pharmacological activity of the drug ( 1 7). Some immunological loss was also reported (11, 13, 14) due to the presence of sodium borohydride which could cleave the disulphide bonds of the antibody (18) (19) (20) .
Other methods have also been reported for daunorubicin conjugation such as EDCI (l-[3-dimethylaminopropyl)3-ethyl-carbodiimide hydrochloride) (11) for intermediary bridges such as cis-aconityl, maleyl and succinyl (21) . Usually, an important loss of pharmacological activity was observed using these techniques.
The authors have already reported the use of glutaraldehyde as an agent for anthracycline coupling to protein carriers (2, 22, 23) . This method saves the pharmacological activity but causes some polymerization of the protein carriers. Based on the results obtained with glutaraldehyde and taking the advantages of the activated ester coupling procedure, a glutaraldehyde-activated derivative of daunorubicin was prepared for a direct coupling to a monoclonal antibody. This new approach for the preparation of daunorubicin protein carrier conjugates is reported. 60 ~L of 25% glutaraldehyde added (grade II. Sigma Chemicals, Missouri) . The mixture was stirred for 15 mins at room temperature and 1 mL of distilled water added. The mixture was extracted twice with 5 mL of dichloromethane; the organic phases were pooled and treated four times with an equal volume of 5% sodium bicarbonate solution containing 15% glycine. The organic phase was dried with anhydrous sodium sulphate, illtered and the solvent evaporated under a stream of nitrogen at 30°C. The dried product was solubilized in a minimum volume of dimethylsulphox:ide (DMSO). The activated product had an Rrof0 .80 in the solvent described compared with 0.25 for free daunorubicin. The coefficient of extinction E (24, 25) in desmoid tumours and soft tissue cancers. Embryonic prealbumin was prepared according to Drouin (26) and 250 ~g were inoculated intradermally into Balb-C mice with complete Freund's adjuvant. Animals received a second and third booster at one month intervals. Four days after the third inoculation the animals were sacrificed and splenocytes collected for fusion with NS -1 myeloma cell s . Hybridoma-containing wells were cloned and each of the monoclonal antibodies was tested for reactivity with embryonic prealbumin supplied by Kalashnikov and Tatarinov. Monoclonal4E8 or G10 used in this experiment were specific for embryonic prealbumin: both are of the IgG1K isotype. Cells: All human cell lines were obtained frozen from the American Type Culture Collection (Maryland) where they were routinely propagated in RPMI 1640 medium supplemented with 10% fetal bovine serum. CRL-1427 and SaOs-2 are from an osteosarcoma and CCL-25 from amnion. 0 y. 
MATERIAL AND METHODS
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CONJUGATION PROCEDURE TO ANTIBODIES

Conjugation of daunorubicin
Figure 4 ) Cytotoxicity of equimolar concentrations of free (D) or monoclonal anti-EPA bound(+) daunorubicin on human amnion cells (CCL-25)
trophotometry assuming an E 1 % of 176 for daunorubicin and 14.5 for monoclonal antibodies. In vitro cytotoxicity: Due to the nonspecific adsorption of daunorubicin on filtration membranes, the conjugates were sterilized by irradiation before in vitro testing as follows. The conjugate solution was adjusted to 20 mg albumin/mL in 0.05 M ammonium acetate buffer. The solution was freeze dried and gamma radiated with 160 Gy. Before the assay, the dry conjugate was taken up in phosphate buffer and added at various concentrations to culture medium. The cytotoxic activity of daunorubicin and antibody conjugates was evaluated on various cell lines by inhibition of colony formation as already described (28) . Briefly, 2500 cells were inoculated into l mL of RPMI 1640 medium supplemented with 10% fetal bovine serum in 24-well plates. Cells were allowed to attach for 24 h, medium was removed and replaced by various test compounds diluted in growth medium. Each assay was performed in quadruplicate. After the growth period, medium was decanted, and colonies were fixed with formal and stained with crystal violet as previously reported by Belles-Isles and Page (1) . The area occupied by the colonies was measured with Biotran III (New Brunswick Scientific, New Jersey) (28) .
In order to study the internalization of the conjugate, 2500 cells per well were seeded on a microtitration plate and incubated for two days in the medium described above. After this period, 250 ng/mL of free or conjugated daunorubicin were added and cells were incubated for four days at 3~C; cells were counted with the tetrazolium-based colorimetric assay (29) .
RESULTS
Glutaraldehyde-activated daunorubicin:
When the new method was used for coupling daunorubicin to the antibody, molar ratios of drug:antibody were obtained, varying from 0.5 to 13. The original method (1,22,23 
DISCUSSION
These results confirm the already reported activity of the conjugates prepared with glutaraldehyde in the authors' laboratory. However, using long term incubations, specificity of the conjugate for the tumour cells is not expected as the anthracycline is released very slowly from the antibody at physiological pH. When cells were incubated with 250 ng/mL of free or conjugated daunorubicin for various periods, the growth inhibition by both conjugated and free drug increased with time ( Figure 5) ; however, the full activity of the conjugate was obtained after four days of incubation. This was probably due to a slow intemalization of the conjugateantigen complex. Other data also suggest that this is the limiting step, while the hydrolysis of the drug-antibody bond inside the cell is a very rapid reaction.
Results obtained with activated daunorubicin using this new procedure show that the pharmacological activity of the drug could be saved while limiting the undesirable polymerization of the antibody normally encountered with bivalent coupling agents. This procedure is easy and reproducible and reagents are readily available commercially. The activation of the drug could be accomplished in less than 2 h and the activated drug remains active for a week at room temperature. The activated drug could remain active for many months if saved in liquid nitrogen. The already reported techniques for coupling anthracycline drugs to antibody either cause polymerization or yield a product which is considerably less active than the free drug. The authors are using this new technique to conjugate a variety of monoclonal antibodies for drug targeting to various types of tumors.
